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* The design and installation of the subsurface bioremediation system at the former C-6 facility involved _
- coordination and planning between Boeing, Haley & Aldrich, Arcadis; Integrated Construction Services

- {ICS), Oltmans, Thienes Engineering, and various drilling companies. The construction-activities -

“-required several contractors to work very closely with and near each other to meet the very a'g‘gress'i\ke -

. “schedule and avoid deadline-driven liquidated damages. Lessons learned during this challenging

. construction pI‘O_]eCt are presented below to a1d the 1nv01ved partles w1th any similar construction prcuects- o
-1nthefuture : '

L DESIGN/SOLICITATION

Lom Meét 'w'ith"_'()wn(érs architect as EarlyaS'possibl'e in‘design process. The Boemg desigh. feam was R
PR ot introduced to the Owner’s design team until significant b‘uilding and subsurface design was -

~“completed.- This resulted in-the Boeing Design Team adjusting the physical the physical location

of piping and wells and installing systems deeper to go under footings/foundations and utilities -
'.rather than through or over them respectively... The architect also needed to redesign portlons of o o
the. perlmeter foundation to accommodate-our- reqmred plpmg pass- throughs S

' 1n1t1at1r1g the detailed demgn Slgmflcant design costs can be.saved by niot havmg to re- de&gn
-~ move, and/ot combme vaults. : : : .

m Strive to locate vaults in landscape areas. ThlS has. the advantages of lower 1nsta11at10n COStS. due - S
- to non-traffic rating and easier access since’ vehlcles will not be parked on top of well vaults. -

~w . Vault locations should. be plarned and designed suich fhiat tanker trucks have ¢ gasy access and not _
R hmder trafflc patterns of the owner/tenant This will further minimize pre mjectlon coordmatlon. '
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= - Areas where tariker trucks will be’ performing injections need.to be designed to accommodate the
: " maximum potential werght of the tanker trucks and not cause potential pavement deformation.

m A water spigot: should be 1ne0rp0rated m-an easy access location for 1njeet10n maintenance and
EERTE j-decontamrnatron The-sizing of the sprgot shall take into consrderatron all of the potentral water .
“needs of the pI‘OJBCt/’tElSk L RIS AT R . :

Cow -"Verrfy if any permits are needed from the City Burldrng Department for the 1nstallat10n of the _' :
o remediation system. I yes, discuss’if the_perrruttrng_wrll be-done in.conjunction with the overall B
_ building permit by the owrier or'the 'permitting will be ‘obtairied by the Boeing contractor.

N 'ldentrfy ‘materials that are unrque ot have long delrvery tirme frames Priotitize: these for orderrng '
or 1dent1fy alicrnate matcrials foruse. = - S

=l The minimurm CPT rrg werght requrred to eonsrstently aehreve thie target depths (up to 85 90 ft) ISI ) Co
- 28 1o 30 tons:- . -

: m - Consider havrng 4 hollow stern auger rrg on standby, because it can provrde a errtreal safety net
w7 U during a tight schedule when the CPT rigs-dre unable to push to the required depths. -

'R ~ Pre-punching:the borrng with a smaller diameter rod prior to’ pushrng for injection point .
' installation helped one-of the drillers achieve the targeted maximum depth. ... U

™ ._ After pushing the first 20 feet, reduce: the rod diameter from 2 % inch to l 14 inch to deerease |
' - frictional’ drag ‘This process helped one: of the drrllers achieve the targeted maximum depth

m . Barricade/tape off the drrllrng area and place: delrneators and ﬂaggrng on eaeh Well before driving - |
- “away. This duplicative system is critical to:avoid other contractors from 1nadvertently darnagrng
‘injection points before they are cut-off and burred S BREEEER T

LI '_'Have a clearly-defined well testrng program/SOP The installation contractor shall verrfy that the
- owell has been installed.in accordance with the specifications. -Monitoring wells shall meet '
groundwater quality standards prior to stopping purgrng Injeetron wells shall meet pressure and
" flow specrfrcatrons without-seal farlure L S : -

~well does not pass the mjeetron test-or a momtorrng well does not develop due to poor e
. construction or broken casrng e R : _ ) AENEREREES

. Negotiate the longest eonstruetron time possrble Coordrnatron of rnultrple drrllrng rrgs and
- 'payment for stand-by is: eostly if required. - T
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----------- CONSTRUCTION PROGRAM
............ " Both straight 1erigth sections (i.e.-40 feet pieces) and long continuous rolls (i-e. 500 foot long)
' ~of HDPE piping can be used: successfully.. The rolled pipe works best when you havelong . .~
"""""" " runs branching off the main trench with 4 or less pipes. The stra1ght length section works
------------ - best on the long straight main trunk’ where there are 10 to 16 pipes in each layer.
m . The strarght séctions cost approximately- 15-20% more due to the added coupling and |

L Co U manufacturing costs. Also; it can be difficult to find a manufacturer to mold the strarght _
: - ' _'seetrons especrally on short notice and-for small quantity projects. - L AREIRIRIEPREERPE

by all other trades/contractors This minimizes the amoiirit of exeavatrng and helps to prevent ........ .
“other trades/contractors from damaging installed HDPE lines. SRS _ R

o ~ Encasing the HDPE piping in STurry is the best way to go, even though it provrdes lrttle R
' protection from accidental excavation: It has great utility and provides quick, compact
“backfill'that easily passes between the HDPE piping in the trenches. Concrete should be -
R .. .considered in locations where future excavations (by others) are expected, in order to help

SRS ... protect them from accidental exeavatronfdamage S

m o Avoid usrng the: samé project surveyor asthe burldrng general eontraetor because it can result
- it scheduling problems due to unavailability and priorities. Further, one surveyor is
insufficient whenia large number of survey points are needed by the owner and Boeing ina
-short time frame.- It.can also lead to brllrng confugion and drffrculty separatrng data. belonging
: -'to the’ varrous eontraetors ----- L : TR RERRIRTEEPPRN

®m . Maintain, to the extent possrble multrple means of uniderground lrne mark-out. Methods that
~were-used onsite included PK nails with utility brushes; caution iape nailed to the soil, spray
- paint, and delineators. Delineators are a poor. means of mark-out since they can easrly be e
.moved -. B . ] EETETEE _ N

L - All trenches should be completed with a locator tape/w1re S0 that the trench and p1p1r1g an be
R easrly located after backfilled. The wrre allows for easy location of plastrc subsurface piping.

_ k prOJect managers froin Haley & Aldrich, Arcadis, and ICS-involved from the desrgnfbrddrng
oo coprocess through the completion of construction made-it €asy to build a strong tearm and .. o
- .communicate effectively together.. Tt also helped to ensure that concerns and details- 1dent1f1ed =
during the-design-and bidding phases were sueeessfully addressed and implemented- durrng the ' -
; L " . 'COHSII'UCUOH phase R = : REREERRRRRRIS o
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EERERTTRS o Weekly team meetrngs were:very helpful:in keeping the: team members-integrated, identifying and
o ‘addressing new issues before they became: problems and keeprng Boeing informed of the pI‘O_]eCt
- progress and issues: RS : U :

. .i_ . Fll-time oversrght durrng subsurface work:is strongly recommended due to the number of partres
~-involved, including the general building contractor atid their subcontractors.. The general building
~-contractor often knows little about the actual daily activities of their subcontractors. - Having

. someone on-site-to coordinate and obiserve our construction. activities and the activities of others:-

can'help avoid schedule delays. and damage (o the bioremediation system. .- S e

- The: general bulldrng contractor and {heir subcontraciors cannot be relied upon to keep good as= .
built drawings, and not every excavation and/or utility will be ona drawing. Drawings, field -
- walks;-and meetings with all the other contractorsis critical to help.avoid damage to their utiliti'e"s '
- and/or our bioremediation system. Constani communication in the field is the key. . N

. Maintain a 2-3 day detarled rollrng schiedulé of site construction activities and a Irst of eontraetors = e -
) ’ '.Work_lng S ) . . o .......... E

L _ w . Conducta darly meetrng with the owner’s eonstructron superrntendent to review Where Boemg is
' “working ‘and review where they are workmg The meeting should include a walk of the work e
“areas pointing out potentral work arca eonﬂrets and drscussrng freld measuics to resolve the ------- -
"_.CODﬂlCtS _____ T . B . N e e T -
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